INTRODUCTION
============

Vitamin D is an essential nutrient that maintains the homeostasis of calcium and phosphorous levels in the body. The importance of vitamin D was recently emphasized when it was reported to be involved in cell differentiation and proliferation, immune function, and the prevention and treatment of certain cancers.[@B1],[@B2] Research has shown that adult epilepsy patients can exhibit a deficiency of vitamin D.[@B3],[@B4] In particular, hepatic enzyme-inducing antiepileptic drugs, such as phenytoin and carbamazepine, induce cytochrome P450 enzymes in the liver, thereby promoting the catabolism of vitamin D and its derivatives. This lowers vitamin D levels, resulting in the hypocalcemia and secondary hyperparathyroidism that eventually leads to a loss in bone mineral density (BMD).[@B5]-[@B7] In pediatric patients, however, controversies still remain regarding the effect of anticonvulsants on vitamin D levels and bone health.[@B8]

The objective of this study was to evaluate vitamin D status in epileptic children and adolescents taking anticonvulsants and to analyze the associations of various factors with vitamin D levels, including the type and number of anticonvulsants taken, seizure type, and patient age at seizure onset, as well as patient age, gender, and intelligence and developmental status.

MATERIALS AND METHODS
=====================

Subjects
--------

We performed a retrospective review of the medical records of epileptic children and adolescents who visited the pediatric epilepsy clinic at Korea University Guro Hospital between June and November 2012. Patients who had taken anticonvulsants for more than 1 year were included. To minimize the effects of confounding factors, patients who had taken multiple vitamins before the blood test and those who have the limitation of physical activity (wheelchair-bound) were excluded from the study.

Data collection
---------------

Levels of calcium, phosphorus, magnesium, ionized calcium, parathyroid hormone, 25(OH)D~3~, 1,25(OH)~2~D~3~, and alkaline phosphatase, as well as the date of blood sampling were recorded. In addition, patient age and gender, underlying disease, brain magnetic resonance imaging (MRI) findings, intelligence and developmental status, patient age at seizure onset, type of seizure, number of seizures over the past 3 months (\"well controlled,\" if seizure free), type of anticonvulsant, and duration of anticonvulsant use were also elucidated from the medical records. Intelligence and developmental status was evaluated using the Korean Bayley Scale of Infant Development-II (K-BSID-II), Korean Wechsler Preschool and Primary Scale for Intelligence (K-WPPSI), and Korean Wechsler Intelligence Scale for Children, 3rd edition (K-WISC-III), according to the age of the patient at the initial epilepsy evaluation. In cases where K-BSID-II score signified developmental delay, where the intelligence quotient (IQ) was \<70 according to the results of K-WPPSI or K-WISC-III, or where the patient was attending a special class, the patient was diagnosed with mental retardation or developmental delay.[@B9]

The concentration of 25(OH)D~3~ was considered normal when \>30 ng/mL, insufficient when 20-30 ng/mL, and deficient when \<20 ng/mL.[@B10],[@B11]

Bone density was measured in patients whose 25(OH)D~3~ concentration was \<30 ng/mL using a Hologic dual-energy X-ray absorptiometry system (Discovery QDR 4500W, Hologic, Waltham, MA, USA). According to the WHO criteria, normal bone density was considered when the Z score was \>-1.0, osteopenia was considered when the Z score was between -2.5 and -1.0, and osteoporosis was considered when the Z score was \<-2.5.[@B12]

Statistical analysis
--------------------

SPSS for Windows (version 20.0; SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Independent t-tests and linear regression were conducted for the statistical analyses, and a result was deemed statistically significant when the *p* value was \<0.05.

RESULTS
=======

Characteristics of patients
---------------------------

In this study of 143 pediatric patients, there were 90 boys and 53 girls. The average age at diagnosis of epilepsy was 6.25±4.24 years (range, 2-17 years) and the average duration of anticonvulsant use was 4.92±3.68 years (range, 1.1-17.4 years). Among the study participants, 41 patients (28.7%) had brain lesions on MRI, and 102 patients (71.3%) had normal brain MRI findings. The numbers of patients with focal and generalized epilepsy were 113 (79.0%) and 30 (21.0%), respectively. IQ and developmental tests showed that 81 (56.6%) of the patients were of normal intelligence, and 62 (43.4%) had mental retardation or developmental delay. The minority of patients were receiving polydrug therapy (53; 37.1%), and 90 patients (62.9%) were receiving monodrug therapy: valproic acid (n=49), oxcarbazepine (n=30), lamotrigine (n=4), phenobarbital (n=2), levetiracetam (n=2), zonisamide (n=1), carbamazepine (n=1), and topiramate (n=1) ([Table 1](#T1){ref-type="table"}).

25(OH)D~3~ concentration among patients
---------------------------------------

In the present study, 25(OH)D~3~ levels were measured in the summer and fall seasons (between June and November). The average 25(OH)D~3~ level was 34.26±10.93 ng/mL (range, 12.1-59.1 ng/mL) ([Table 2](#T2){ref-type="table"}). We identified that patients\' vitamin D levels followed a normal distribution (*p*=0.2) by conducting t-test and linear regression (data not shown). Thirteen patients (13/143; 9.1%) had vitamin D deficiency with 25(OH)D~3~ levels \<20 ng/mL, 40 (40/143; 28.0%) had a vitamin D insufficiency with levels between 20 and 30 ng/mL, and 90 (90/143; 62.9%) had normal vitamin D status with levels \>30 ng/mL.

Factors related to vitamin D levels
-----------------------------------

There was no difference in 25(OH)D~3~ levels between boys and girls (34.33±10.80 ng/mL vs. 34.13±11.24 ng/mL; *p*=0.92), patients with generalized epilepsy and focal epilepsy (32.26±11.50 ng/mL vs. 35.06±10.64 ng/mL; *p*=0.17), patients with well and poorly controlled epilepsy (34.23±11.50 ng/mL vs. 34.47±9.17 ng/mL; *p*=0.82), or patients with normal and abnormal brain MRI findings (34.10±10.53 ng/mL vs. 34.85±12.39 ng/mL; *p*=0.74).

A negative correlation was noted between age and 25(OH)D~3~ levels by linear regression. As the age of patients increased, 25(OH)D~3~ levels decreased (*p*\<0.05). In patients with mental retardation or developmental delay, 25(OH)D~3~ levels were significantly lower than those in patients with normal IQ (31.99±10.59 ng/mL vs. 35.99±10.93 ng/mL; *p*=0.03). The duration of anticonvulsant use also influenced 25(OH)D~3~ levels; patients who had taken anticonvulsants for more than 2 years had significantly lower levels of 25(OH)D~3~ than those who had taken these medications for less than 2 years (32.87±11.00 ng/mL vs. 37.08±10.40 ng/mL; *p*=0.03). There was no difference in vitamin D levels between patients receiving mono- and polytherapy (33.79±10.93 ng/mL vs. 35.04±11.00 ng/mL; *p*=0.51). However, among patients receiving monotherapy, those taking oxcarbazepine, a hepatic enzyme inducer, had significantly lower vitamin D levels than patients taking valproic acid, a hepatic enzyme inhibitor (30.41±9.53 ng/mL vs. 36.83±11.66 ng/mL; *p*=0.01) ([Table 3](#T3){ref-type="table"}).

Bone mineral density measurement
--------------------------------

Of the 13 patients (9.1%) with vitamin D insufficiency and 40 patients (28.0%) with vitamin D deficiency, 32 patients (32/53; 60.4%) underwent bone mineral density measurements in the hip and lumbar spine; their Z scores were distributed between -4 and 1.3. In total, 9 patients (9/32; 28.1%) exhibited osteoporosis (Z≤-2.5), 13 patients (13/32; 40.6%) exhibited osteopenia (-2.5\<Z\<-1.0), and 10 patients (10/32; 31.3%) had normal bone density (Z≥-1.0). Among the group with vitamin D insufficiency, 5 patients (5/21; 23.8%) were diagnosed with osteoporosis, 9 patients (9/21; 42.9%) with osteopenia, and 7 patients (7/21; 33.3%) were normal. In addition, among the group with vitamin D deficiency, 4 patients (4/11; 36.4%) had osteoporosis, 4 (4/11; 36.4%) had osteopenia, and 3 (3/11; 27.2%) were normal.

DISCUSSION
==========

The objective of this study was to investigate the associations between vitamin D levels and various factors related with pediatric epilepsy, including type and number of anticonvulsants and seizure variables, as well as patient gender, age, and intelligence and developmental status.

We noted that there is no difference in 25(OH)D~3~ levels according to gender, seizure type, presence of brain lesion on MRI, and the number of anticonvulsant medications used.

25(OH)D~3~ levels were found to decline as age increased. A previous study examining adults between the ages of 20 and 96 years indicated that 25(OH)D~3~ concentration decreases as age increases. This might be related to age-related biological processes or the fact that social and physical activities become limited as people age.[@B13] In addition, a research on 25(OH)D~3~ deficiency over children and adolescents shows the same result that prevalence of vitamin D deficiency increases with age.[@B14] Concerning this result, there is a possibility of less sunlight exposure for older children because they may stay indoors longer during the day to study. Yet, further studies about age-related biological process in pediatric age are warranted to clarify this relationship.

Patients on polytherapy demonstrated significantly lower 25(OH)D~3~ levels than patients on monotherapy in a previous study.[@B15] However, we noted no difference in 25(OH)D~3~ levels between patients receiving mono- and polytherapy.

It has been reported that the effect of type and number of anticonvulsants on 25(OH)D~3~ levels.[@B16] There have been several studies that patients taking oxcarbazepine (hepatic enzyme inducing drug) have significantly lower 25(OH)D~3~ levels.[@B7],[@B17] In order to investigate if a difference between hepatic enzyme inducing drug and non-hepatic enzyme inducing drug exists, a comparison between oxcarbazepine and valproic acid was made. Our study demonstrated the same results.

The duration of anticonvulsant use was associated with 25(OH)D~3~ levels, which were significantly lower in patients who had taken anticonvulsants for more than 2 years than in patients who had taken them for less than 2 years. One previous study showed that patients who took anticonvulsants for more than 2 years had normal vitamin 25(OH)D~3~ D levels, although BMD was found to be decreased; these authors mentioned the possibility of high vitamin D intake among the experimental group.[@B18] However, we ruled out any vitamin supplementation in our study.

The developmental status and IQ level were also associated with 25(OH)D~3~ levels. 25(OH)D~3~ levels among patients with mental retardation or developmental delay were lower than those in patients with normal IQs, a finding that has been reported previously.[@B19] Because social and outdoor activities may be limited for these patients, 25(OH)D~3~ levels may consequently be influenced.

Finally, more than two-thirds of the patients (72.8%) were diagnosed with osteopenia or osteoporosis in patients showing vitamin D deficiency. Even in patients showing vitamin D insufficiency, 66.7% of the patients were diagnosed with osteopenia or osteoporosis.

The main limitation of this study was that 25(OH)D~3~ levels were not measured before anticonvulsant use. In addition, we followed the WHO criteria in evaluating bone density because there was no reference range for Korean children and adolescents.

In conclusion, the possibility of vitamin D deficiency in children and adolescents taking anticonvulsants should be considered in daily practice. This is especially important in pediatric patients with mental retardation or developmental delay and patients who have been taking anticonvulsants for more than 2 years or taking hepatic enzyme inducing drugs.
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SD, standard deviation.

Magnetic resonance imaging (MRI), other medication-oxcarbazepine (n=30), lamotrigine (n=4), phenobarbital (n=2), levetiracetam (n=2), zonisamide (n=1), carbamazepine (n=1), topiramate (n=1).
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Comparison of Serum Vitamin D Levels

![](ymj-55-417-i003)

VPA, valproic acid; OXC, oxcarbazepine; MRI, magnetic resonance imaging; SD, standard deviation.

^\*^*p*\<0.05.
